Abstract: The application of the 'direct amide cyclization' conditions to the linear delta-hydroxy diamide 11 is described (Scheme 3). Instead of the cyclization to the expected nine-membered cyclodepsipeptide, only the chloro acid 12 was obtained. Its formation could be explained by consecutive formation of the 1,3-oxazol-5(4H)-one 16 and the six-membered imino lactone 17 as intermediates (Scheme 4). The spontaneous isomerization of the latter gave 12 in a good yield.
Introduction
Cyclic depsipeptides are a class of biologically active secondary metabolites, which contain not only amide bonds as part of their ring structure, but also other bonds, usually lactone bonds. Their biological activity is diverse, being based mainly on their capability to transport selectively metal ions through cell membranes, and they are sought after as potential anticancer, antiviral, antibiotic and anti-inflammatory drugs [1] .
One of the many methods known for their synthesis is the direct amide cyclization [2] 
Scheme 1
This method has been used successfully for the synthesis of 6-, 9-, 12-and 15-membered [3] and larger ring systems [4] . For example, α-hydroxy acid derivatives of type 1 (n = 1) under the 'direct amide cyclization' conditions led to morpholinediones of type 3 [5] (Scheme 2). Recently, we have shown that diamides of type A, which contain β-hydroxy acids, i.e. 1 (n = 2), under these reaction conditions did not give the expected 7-membered cyclodepsipeptides, and only their dimers, the 14-membered rings 4 were isolated in good yields [6] [7] (Scheme 2). Treatment of γ-hydroxy acid derivatives (1, n = 3) with HCl gas in toluene yielded no cyclodepsipeptides at all. Instead, the only products isolated were the hydrochlorides of imino lactones 5, which are unstable in solution and isomerize in polar solvents or on silicagel to give the chlorinated acids 6
[8] (Scheme 2). 
Scheme 2
In all cases so far, the formation of the intermediate oxazolone 2 was proven chemically or by IR spectroscopy. The results show that there is a relationship between the number of C-atoms between the OH and CONH groups and the type of product formed. Therefore, it was of interest to subject δ-hydroxy acid amides 1 (n = 4) to the conditions of the 'direct amide cyclization', which could yield either a 9-or 18-membered cyclodepsipeptide on the one hand, or a 6-membered imino lactone on the other. The result of a first example is shown below.
Results and Discussion
Since the previously used standard methods for syntheses of β-and γ-hydroxy acids [8] were not applicable to their δ-hydroxy analogues, we used the method of Goto et al. 
Scheme 3
The reaction of the acid 8 with 2,2,N-trimethyl-N-phenyl-2H-azirin-3-amine (9) [10] yielded the protected diamide 10. After deprotection with LiOH, 11 was subjected to the 'direct amide cyclization' (DAC) conditions (HCl gas, toluene, 100 o ). Trituration of the crude product with CH 2 Cl 2 , a procedure that has allowed the isolation of the imino lactone hydrochlorides 5 without isomerization to the corresponding chlorinated acids [8] , yielded in the present case the chloro acid 12 directly as the only product in good yield. Recrystallization from MeCN gave crystals which were suitable for an X-ray crystal structure determination ( Fig. 1) .
Fig. 1. ORTEP Plot [11] of the molecular structure of 12 (arbitrary numbering of the atoms; 50% probability ellipsoids)
Although the compound is achiral, it has crystallized in a polar space group and the absolute structure has been determined unambiguously. The OH group forms an intermolecular H-bond with the amide O-atom of a neighboring molecule, thereby linking the molecules into extended chains, which run parallel to the [0 1 0] direction and can be described by a graph set motif [12] of C(7). The amide group forms an intermolecular H-bond with the carboxylate carbonyl O-atom of a different neighboring molecule. This interaction links the molecules into extended chains, which run parallel to the [1 0 0] direction and can be descdibed by a graph set motif of C(5). The combination of both interactions generates a two-dimensional framework that lies parallel to the (0 0 1) plane (Fig. 2) .
Fig. 2. Molecular packing of 12, showing the H-bonding interactions
In our earlier studies, the ring size has a controlling influence over which of the possible products is formed from compounds of type 1 under the DAC conditions. With β-hydroxy acids (n = 2, Scheme 2) 14-membered rings 4 (cyclodimers) are preferred over 7-membered ones, while the formation of 5-membered imino lactones 5 is preferred over the corresponding 8-membered cyclodepsipeptides in the case of γ-hydroxy acids (n = 3). Therefore, the expected product in the case where 1 contains a δ-hydroxy acid was either a 6-membered imino lactone analogous to 5, or a 9-membered cyclodepsipeptide. As the 9-membered cyclodepsipeptide 13 has already been synthesized via DAC from the linear precursor 14 [3] [13] (Scheme 4), the formation of 12 was a surprise. 
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Scheme 4
The formation of 12 proceeds most probably through the intermediate 1,3-oxazolone derivative 16 and the 6-membered imino lactone 17, which apparently is unstable under these conditions and, by analogy with 5, isomerizes spontaneously to give the chloro acid 12.
Conclusions
The DAC conditions were applied to the linear precursor 11, which contains a δ-hydroxy acid. Surprisingly, no cyclic depsipeptide was formed under these conditions. Thus, the dependence of the result of the DAC reaction on whether an α-, β-, γ-, or δ-hydroxy acid diamide is used has been confirmed. The general use of the 'direct amide cyclization' for the synthesis of cyclic depsipeptides is apparently limited to linear precursors which contain α-hydroxy acid amides.
The use of β-hydroxy acid precursors is also possible for the formation of larger rings [4] , but can lead to cyclodimers or side products as well.
Experimental Part
1.
General. See [8] .
2. Starting materials. 2,2,N-Trimethyl-N-phenyl-2H-azirin-3-amine (9) was prepared according to standard procedures (cf. [8] and refs. cited therein). Butyrolactone 7 was prepared by a known method [14] . 
4-[1-Methyl-1-(N-methyl-N-phenylcarbamoyl)ethylcarbamoyl)-3,3-dimethylbutyl Acetate (10).
To a soln. of 8 (376 mg, 2 mmol) in dry THF (20 ml), 9 (365 mg, 2.1 mmol) was added. The mixture was stirred at r. 
5.
5-Hydroxy-3,3-dimethyl-N-[1-methyl-1-(N-methyl-N-phenylcarbamoyl)ethyl]-pentanamide
2-(5-Chloro-3,3-dimethylpentanoylamino)-2-methylpropanoic Acid (12). A suspension of 11
(80 mg, 0.25 mmol) in dry toluene (30 ml) was heated to 100 o and HCl gas was bubbled through the suspension for 4-6 min. Then, the mixture was allowed to cool to r.t. while bubbling N 2 through it (ca. 20 min). [16] . The intensities were corrected for Lorentz and polarization effects, and an absorption correction based on the multi-scan method [17] was applied. Equivalent reflections, other than Friedel pairs, were merged. The structure was solved by direct methods using SIR92 [18] , which revealed the positions of all non-H-atoms. The non-H-atoms were refined anisotropically. The hydroxy and amide H-atoms were placed in the positions indicated by a difference electron density map and their positions were allowed to refine together with individual isotropic displacement parameters.
All remaining H-atoms were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for the methyl groups). Refinement of the structure was carried out on F 2 using full-matrix least-squares procedures, which minimised the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied. Refinement of the absolute structure parameter [19] [20] yielded a value of 0.01 (6) , which confirms that the refined model represents the true absolute structure. Neutral atom scattering factors for non-H atoms were taken form [21] and the scattering factors for H-atoms were taken from [22] . Anomalous dispersion effects were included in F c [23] ; the values for f' and f'' were those of [24] . The values of the mass attenuation coefficients are those of [25] . All calculations were performed using for the SHELXL97 program [26] .
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